The retina of aquatic vertebrates comprises a complex array of sampling elements, each subtending a specific region of the visual field. The transformation of light energy (an optical image) into electrical energy (a neural image) across the retina is nonuniform and reflects the complexity and diversity of the visual field. The identification of localized differences in the function, arrangement, and distribution of retinal neurons in fishes has revealed a level of plasticity unparalleled in vertebrates. Specialized retinal regions (areae centrales, horizontal streaks, and foveae) are examined with respect to both photoreceptor and ganglion cell sampling and the optimization of spatial resolving power and sensitivity. Selective sampling of the binocular visual field, specific asymmetries in the sampling of the dorsal and ventral hemifields, and the number of specializations that comprise only subpopulations of neurons also indicate that the mechanisms controlling the spacing, density, and regularity of retinal neurons are highly complex. Both photoreceptor and ganglion cell arrays change during development, and are affected by changes in the spectral composition, intensity, and symmetry of the photic environment. These arrays typically alter during a transition from one feeding strategy to another. The location of specialized retinal regions subtending the binocular visual field can even alter during development due to the continual growth of the retina throughout life and a changing visual environment.
Introduction
Bony and cartilaginous fishes occupy a large diversity of natural environments including the light-limited deep-sea, the turbid water of estuaries and rivers, and brightly lit coral reefs. Their activity patterns also vary according to the ambient light levels, where many species are characterized as diurnal, crepuscular, or nocturnal, although many may cross these behavioral boundaries. The eyes of these aquatic vertebrates must therefore provide an accurate representation of the visual world within an enormous number of photic environments. The large directional differences in intensity and spectral composition of the underwater light, the amount of particulate matter suspended in the water, turbidity, and the need to find food, predator, and mate have all been the driving forces in the evolution of a diverse range of retinal specializations. Although most aquatic animals are active during the day, many are crepuscular or even nocturnal with some species changing their diurnal activity and habitat during development. In all cases, the photic environment differs, which places selective pressure on the eye and its ability to effectively sample its visual field. Although the various components of the ocular media (cornea, lens, and vitreous) may be adapted to differentially filter different parts of the electromagnetic spectrum, it is the retina that ultimately samples the visual environment, transforming light energy or an "optical image" into electrical energy or a "neural image." The process of transduction is performed by the photoreceptors, which line the back of the retina, with each receptor subtending a minute part of the visual field. The transfer of information to the visual centers of the brain is mediated via a series of interneurons. Signals reaching the output (ganglion) cells, lining the inside of the retina, are carried to the central nervous system via ganglion cell axons, which comprise the optic nerve. Every point in each species' visual field is subtended by a corresponding point on the neural retina, which, in turn, is retinotopically mapped onto the optic tectum.
The distribution of both photoreceptors and ganglion cells across the retina is known to be nonuniform in many aquatic vertebrates, and topographic analyses have recently become a powerful tool in predicting the importance each species places on observing objects in specific regions of their visual field (Collin and Pettigrew, 1988a,b; Collin, 1999; Bozzano and Collin, 2000; Shand et al., 2000a) . Localized increases in retinal cell density determine the spatial resolving power of the eye, where the distribution of retinal neurons in each species is unique and closely reflects each species' perceived world (Collin and Pettigrew, 1988a,b; 1989) . Optical constraints such as the size of the eye, the size and shape of the pupil, the location of the eyes in the head, the degree of eye movement, the size of the visual field, and the degree of binocular overlap all contribute to the optimal placement of retinal regions for increased sampling ( Fig. 8.1; see color plate) . This chapter reviews the adaptive strategies employed by a range of cartilaginous and bony fishes from various lifestyles and habitats. These are examined with respect to the optimization of retinal sampling of an image in specific regions of the visual field. These retinal specializations will also be discussed in the context of changes in both the photic environment and the visual field during development and growth and the magnification of these specialized zones within the central nervous system.
The Retinal Elements of Visual Sampling

Photoreceptors
The photoreceptor array in fishes may be comprised of single, unequal double, equal double, triple, or even quadruple cones and rods, which are most commonly aligned as a single layer of receptors along the outer limiting membrane (OLM). However, possibly due to the need to reduce chromatic aberration produced by the lens, some subpopulations of receptors migrate out of this monolayer, with the short wavelength-sensitive photoreceptors lying in a more vitreal position than long-wavelength receptors (Eberle, 1967; Scholes, 1975; Shand, 1994) . Photoreceptor types also undergo retinomotor movements in response to changing levels of light intensity and therefore may be arranged in staggered rows. Multiple rows or banks of photoreceptors (rods) occur in many deep-sea teleosts where, in some species, up to 28 banks of rods may form a fovea externa (see below). This is done in an effort to increase sensitivity (Locket, 1985; Fröhlich and Wagner, 1998) and provides the potential to mediate color vision (Denton and Locket, 1989) .
The area of the visual environment sampled by a single photoreceptor may differ among
